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"?3 



H 2 C N N N CH 2 

CO2HCO2H CO2H o 

R t = H, NH* NCS, SC^Cl, HN-? N 

N=< CI 



R 2 = OH, °* N f^l ' ( CH 2)"" N f 
O o 



*3=<V -CK> '4>- (x= s 



orO) 

*><tfti [Mt*«4] T* (I) r*3ftSaMMfc£**fctt 

I 

CO2H CQ 2 H C02H O 



R t = H, NHj, NCS, SOjCl, HN-C N 

N= *CI 

o °K 

R 2 = OH, O-r/j • (CH2)n-Nfj| 



O 

[1***5] Dtneftfflmefttf. W7yt7», m*&6] m a) -?&anzmm<t&®>*it\* 
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C02HC0 2 H CO2H O 



,CI 

Rl = H, NH 2 , NCS, SC^Cl, > 

N=( CI 



R 2 = OH, O-N 



(1) 



[»*«7] nemstkiii^, DNA/M'znTW 
■g-^ayTyt'fife, DNA-y-^x^il, DNA 

[38W©f¥*BlftIftl3l§] 
[0 0 0 1] 



[0002] 

(JBMU SiH, ttffl, IC^LT^FHT-fcS 
[0003] fa&»«*jft©4v»#JMre©«fcfcSttlHi 



-O- (X = SorO) 

*Otfftl&iVCV*&# EDTAilWfl:, 

#< xmrn-eh-otz*) , B««3£*t? t fc ^ 5 ran 

[0 0 0 4] 

[»W«!HfcLJ:5l:1-MIWl *3BWHU 
[0 0 0 5] 

[^jSSrfif*-t-5fc*<0#©] ±IE^S-i5 
&T©WK**1-*fc-&*fc «fc 9 5;i & JLtti 
L**WSr^*Ufc. i-*t>*>, *»WttTiC ( I ) "C 

[0 0 0 6] 
[ft 4] 
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?3 



COjH CQ 2 H 



CO2H 



,CI 



R L = H, MH,, NCS, SOjCl, N 



R 2 = OH, O-N 



(CH2)n-N^jl 



(1) 



[0 0 0 7] $fc, *»W»4, J^©WrWfc£*©*± 
A, i^7*oi/<7A x #Ry 'JAifcli^^^A-efc 

[0008] Sfcirtt, *38B»±* DtneA (i) 
E*ffiaisife*s, -rA/T;yir-rj£, &&*m<t!£m. 

[0 0 0 9] *36Wtt. * (I) -CSSSJiailW 

5rSW-r5fc©-Cfe5. iWIBgi&tfeaiifcflS, DN 
A/W7 , !)y-ff->3y7^ft > DNAi/-^i 

[0 0 10] 



. -O- (X = SorO) 

**WK*»*»5«[9MI:-&*tt» (1) ** 

9, fr-o (2) «r±S>C^vt^^«§fl:Sr^-5rtg-e 
*>0, (3) *©*±*«flc*s*v^**A4:SMC 

«, loofy^yii 2 o© tr 7 ✓-A'Sta* e> * a# 
tei, *ix^;fx©fc 0 7 y-;Hi:it 2 ffi©*/u#vg?S 

y u< Ht^^vKKrittSiMfci^wiig-g-pr 
-r ftfc>*>, *»wic*»*»5aBiift-&*tt-«a: ( 1 ) -c 

[0 0 11] 
[^5] 
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H2 C^ N ^- N ^CH 2 

CO2HC02H 



(1) 



CO2H 



.CI 



R t = H, NHj, NCS, SCUCl, HN-? N 

CI 



R 2 =OH, O 



O X. 




R 3 = 

[0012] io©eyyyii2o©f7/' 
-/v«!&» b ft 5 t , n© f 5 /-/nsii 2 <g 

», rne>©a*ttSK «t 9 -H>ft*«ttsrsi-. 

[0 0 13] £fc, R^fcttR^ ±£ittMMfc&© 
£*©«£tett, R^LTtt, NH 2 , NCS, SO z 

c i aM$te#*u\ 



[0 0 14] NH 2 Sfi> tfc 
Sr»*L5 5. NCSS^S0 2 C 1 SW*&W&©» 

Pff;£-g\ ii^x/Hjg-g-, ^^TvHg 

[ 0 0 1 5 ] * ( I ) T?***l.5«Wft-e*©-&**ft 
J: flrfrtelC(4^©-Wgll^$ 

± ? t° y ^^©g&f 7 /-a«©kjs, 

5. r©|g, tfy^aNi:«*©lM«£*fc&a»t»« 
[0016] se>c r,s (7 5/s, -f ym- 

hS, ^ BD ^*^|) ^X*TOftfW**£ 



. -O- (X = SorO) 

#ffSrfflv>-Ct>SJIWCS>^«*AT*>S. R 2 
g©^Att<kft©#ifelcJ; 9£J-Tfc2> 0 

[0017] **WK:*»*»aiWfl:-a*©iai3efctt«r»c 

/K mtitfcL&^Wl®.?-^? h/U (NMR) , UV-VI 
S*-<? h/U) , MtfMJf, 5E*£*f» H£B& «* 

[0 0 18] ga^^©j&±g^j^^ 

L<fflV^rtiJ5-Ct5„ 7K®^©pHii5. 5~9. 5 

©jtS©tfclil : 1~1 : 1. 5©ffiffi*W*LV\, ft 
«cfi«IlCtt3.9ntrr>AWii^ 7k^«©pHH5. 5~ 
9. 5©(BH##*L<» *fc)gg©lfcf;tl : 1-1 : 
1. 5 ©«5ffl;js»* Lv\ tvH:'^ ©$§£•{£»*&& 
©PHI45. 5~9. 5©«6ffl#$f*L<, &&©ifcKt 
1 : 1~1 : 1. 5©f6H^»*LV\ 
[0 0 19] »±*Wah^«t»HL*«4«-e#*U-C-tO 

[0 0 20] ^ga^jjfe 
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ara-ctt i 8 o aattw-s r t -vBU&tiftT-t 

[0021] mm^mmtmmM^BM^^km 
m 

#»Hfca»a»asc (i) vmztiz>mm\:&®<Dft±m 
[0022] ^ot, a mmt^m 

tCtt>f Ay7yt>fjS (fllxitfj. Yuan, G. Wang, H. K 
imura, K. Matsumoto, Anal. Biochem., 254, 283 (199 

7) &*jgD , ftmm^m (warn r. de Haa 

s, N. p. Verwoerd, M. p. van der Corput, R. p. van 
Gijlswijk, H. Siitari, H. J. Tabke, J. Histoche 
m. Cytochem. , 44, 1091 (1996) , * — 

(#l;UfG. Marriott, M. Heidecker, E. P. D 
iamandis, Y. Yan-Marriott, Biophys. J. , 67, 957 (1 
994) £r#JS) s fflBSSttSU^jfe (^JxJiK. Blomberg, 
R. Hautala, J. Lovgren, V. — M. Mukkala, C. Lindqui 
st, K. Akerman, J. Immunol. Methods, 193, 199 (199 
6) Sr#fig) , DNAA^J^f^ayTyt/f 
ffi (ffiz.HK. Yoshikawa, J. Yuan, K. Matsumoto, H. 
Kimura, Anal. Sci. , 15, 121 (1999) Sr#fi8) , DN 
Ais—tr^l/XW; («x.«S. -C. Hung, J. Ju, R. A. 
Mathies, A. N. Glazer, Anal. Biochem. , 238, 165 (1 
996) Sr#S8) , DNAM7 p p7r^y^ W?Ui 
H. Yu, J. Chao, D. Patek, R. Mujumdar, S. Mujumda 
r, A. S. Waggoner, Nucl. Acids Res., 22, 3226 (199 

4) tfcfWA/TyWfe $gmmfc& 

[0 0 2 3] 

[*J£M SOfcfll 1 ««aHNHS-PPPTA^« 
S»»JNHS-PPPTA»4H 1 ^1-^/£S&l£t£V^<7)± 5 



1. 4 — amino— 2, 6 — dibromopyridine 

( 1 )) O^fiSt : 2, 6 — dibromopyridine/&>£> 4 — nitro 

— 2, 6 — dibromopyridine — N — oxide£r-£j$ Lfc (R. 
F. Evans, M. van Ammers, and H. J. den Her tog, Re 
c. Trav.Chim. Pays-Bas, 78, 408-411(1959)) „ £b 
l£4 —nitro— 2, 6 — dibromopyridine— N — oxideSrFe 
-CH 3 C00H"CStc LT, 4 -amino- 2 , 6 -dibromopyri 
dineSrl^ScLfe: (M. van Ammers, and H. J. den Herto 
g, Rec. Trav. Chim. Pays-Bas, 77, 340-345(195 

8)) o 

5c*^*rtt* : ffSffi C 5 H 4 Br 2 N 2 (%), C=23.84, H 
= 1.60, N = ll. 16 ; Hfi!H!(%), C=24.00, H = 1.4 
7, N = 11.02 o 

X H NMR(acetone-d 6 , TMS) : 6.82(s, 2H), 6. 16 (b, 2 
H) 0 

[0 0 2 4] 2 . 2,6 — dibromo— 4 — phenylpyridine 
Mb^»(2)) <D&$L : 3. 7gOft^ (1) t.l 8 
0m\<D'<> j e> t 3 0mlOCF 3 COOH;6>ib^5&$ 
i£3. 3 g£>amyl nitrite £}JDx., Jt#Loo, 2. 5B# 

HawsfcutsL 5 0mi^^^S:*Dx.fc o sjs*** 

3 X 1 0 0ml H 2 Ot 1 0 0mlO5% Na 2 C0 3 -Ci5fc 

v \ Na 2 so 4 «Lfct, mm^-z^^s^ 

fePsLfc 0KS2. 3 g, 9. 0%) 0 

7G*#*f*S* : W-JM C^H^rgN (%), C=42.21, H 
=2.25, N=4.47;HSJI(%), C=41.76, H=2. 1 
U N=4.65 0 

2 H NMR (acetone-d 6 , TMS) :7.95(s, 2H), 7.88-7.84 
(m, 2H), 7. 58-7. 53 (m, 3H) G 

[0 0 2 5] 3. 2,6-bis(3 / -methoxycarbonyl 

— 1 ' — pyrazolyl) — 4 —phenylpyridine (ffrp ffi 
(3))<P£j&: 1 5 OmKDftaiTHF j: 5. 04 g (4 0 
mmol) <£>methoxycarbonylpyrazole 1 . 
5 6 g&JS#y ?A (4 0mmol) SrJDx., ^6 0t:*e^ 

1 3 g (1 Ommol) (Dfc&to (2) SriPx., $#Lo 

0, laPa^MLfCo ^^®-CTHF£|&*U 
W3X 15 0ml CH 2 C l 2 TttfflLfc 0 *E»fin? 
CH 2 C1 2 ^4U 4fii»Sr^y#y/w*7A (CH 
2 C l 2 iCH 2 C l 2 -CH 3 OH(9 8:2, w/w)TS 
W) -CJWMUfc^, #bixfcfe««ft^*^&llil 
WW&lstz (JRftO. 5 5 g, iR^l 3. 6%) 0 
tc^^W^* : ff^lfi C 21 H 17 N 5 0 4 (%), C=62.53, 
H=4.25, N = 17.36 ; H9MI(%), C=62.48, H=4. 

01, N = 17.28 0 

2 H NMR(CDC1 3 , TMS) : 8.65, 8.64(d, 2H), 8.31(s, 2 
H), 7. 86-7. 82 (m, 2H), 7. 57-7. 50 (m, 3H), 7.05, 7.04 
(d, 2H), 4.00(s, 6H) 0 

[0 0 2 6] 4. 2,6-bis(3 7 -hydroxymethyl- 
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1 ' — pyrazolyl) — 4 — phenyl pyridine Ofblj %( 4 )) <D 
: 2 5 OmlO^THF fc 5 0 OmgO L i A 1 H 4 
O&IKK, l.Og^ft (3) (2.4 8mmol) 
X., ^&t*3. 5fifmHtWl>tz&, mmcO. 4 5ml7K> 
0.4 5ml 1 5% Na OH&tfl. 5 ml* ^11^^ ST 
bfco i£»£5igU 5$£(H]Jt2LfCo ^JIIgtTH 
F&^£|&*Lfc&, £$^£CH 3 CNTi5fcV\ Jf£ 
3£j*Lfc OfcAO. 6 6 g, JR^7 6. 6%) 0 
X H NMR(DMSO-d 6 , TMS) : 8. 92, 8.91(d, 2H), 7.96(s, 2 
H), 7. 91-7. 87 (m, 2H), 7. 64-7. 56 (m, 3H), 6.61, 6.60 
(d, 2H), 5.33, 5.31, 5.29 (t, 2H), 4.58, 4.56(d, 4 
H) e 

[0 0 2 7] 5. 2,6-bis(3' -bromomethyl- 1 ' 
—pyrazolyl) — 4 — phenylpyridine (ffcl^ffil ( 5 )) (D^ 
$ : 1 0 Onil^iTHFtO. 6 6 g(Dft&» (4) 

(1. 9mmol) Oig^C 1. 45g^PBr 3 (5.36mm 
ol) £iPx., ffifloo, 4f^SSKLfc&, ttEftfi 
TTHF^Slt t«10% Na 2 C0 3 £zK 
T^ftofc^, -8feK^^Lfco £i*fe£2 0ml-< 

®%^*Vf?£<m\ n&tmi>it ok*o. s i 

g , 9 0.0%) o 

X H NMR (CDC1 3 , TMS) :8.55, 8.54(d, 2H), 8.08(s, 2 
H), 7. 84-7. 80 (m, 2H), 7. 60-7. 50 (m, 3H), 6.58, 6.57 
(d, 2H), 4.59(s, 4H) 0 

[0 0 2 8] 6. tetraethyl N, N, N' , N' -[2,6 
— bis(3' — aminomethyl— 1 f — pyrazolyl) — 4 — phe 
nylpyridine] tetrakis (acetate) ffls^ ffi ( 6 ) ) <D& 
fife : 1 0 Oml<a$ygCH 3 CN£ 2 OmlK^THF t 0. 
7 5 g^fe (5) (1.5 8mmol) O^tC 6 0 8m 
g (3. 2mmol) (^diethyl imi nodi ace tatei 2 OmlGOC 
H 3 CNMi2.2g K 2 C0 3 (16mmol) ^Px., 
jf#Loo, 2 4MS«tfc 0 
U «flE^ST^5r»^L^, £$^£2 0 0ml 
CHC1 3 W§^U 2X1 0 0ml H 2 OTi5fcV\ Na 2 
S0 4 TCHCl 3 »»Uc 0 «iE^ST^^^» 

jftbfc (iRftO. 5 7 g, 1R^5 2. 3%) 0 
X H NMR(CDC1 3 , TMS) : 8. 54, 8. 53(d, 2H), 8.05(s, 2 
H), 7. 84-7. 80 (m, 2H), 7. 55-7. 45 (m, 3H), 6.57, 6.56 
(d, 2H), 4.22, 4.19, 4.17, 4. 14 (q, 8H), 4.08(s, 4 
H), 3.64(s, 8H), 1.29, 1.26, 1.23(t, 12H) 0 
[0 0 2 9] 7. N, N, N' ,N' - [2, 6 -bis 
(3 7 —aminomethyl — 1 ' —pyrazolyl) — 4 — phenylpy 



ridine] tetrakis (acetic acid) Ofblafe^) , £XT 
???ThttZ>)<D&f& : 5 5 OmgCOft^ (6) (0. 8 
Ommol) t4 0ml<DC 2 H 5 OHt5ml<DH 2 O<Df&mc 
1. 2 g KOH5:JDt, jf#Loo, .3WS«lfco 
&&M%X®Mt:&3xLti^ ^^^4 0ml^7K(- 
**>U fii$loo, 3f&^bfc^KS:^(7)pHS: 

itc#££-e}rFLfco ^-e3Bfra^#tfc^, 

Lfc (!Rfi4 2 9mg, IR^9 0. 0%) e 
Ttm^W^ : ffSffi C 27 H 29 N 7 0 9 (PPPTA • H 2 0) (%), 

C=54.45, H=4.91, N = 16. 45 ; USUI (%) , C=5 
4.12, H = 5.03, N = 16. 18 0 

X H NMR (DMS0-d 6 , TMS) : 8. 93, 8.92(d, 2H), 8.20(s, 
2H), 7. 90-7. 86 (m, 2H), 7. 60-7. 55 (m, 3H), 6.59, 6.5 
8(d, 2H), 4.00(s, 4H), 3.53(s, 8H) G 
[0 0 3.0] 8. N, N, N' , N' -[2, 6 -bis 
( 3 ' —aminomethyl— 1 ' —pyrazolyl) — 4 —phenylpy 
ridine] tetrakis (acetic acid) succinimidyl monoes 
ter (ffrfr«K8K KTNHS-PPPTAj:-rS)^ric : PPPT 
A-H 2 0 tft£fc<7)) «TP 2 O 5 ftfflaS*#<07 f ^-^ 
2 4*mimifctt, 17 3mg (0.3mmol) £ 
Sidf^DMFICftl*., lj$lOO, 34.5mg 
(0. 3mmol) c£>N — hydroxysuccinimidei: 6 1. 9mg 
(0. 3mmol) ON, N' — dicyclohexylcarbodiimide 
(DCC) SriPx.fc 0 Sia-C2 4«PlBlS»Lfc«, £iS 
W8*«:I»*U DMF»«t»E|jE«-e»lttSr»* 
Ufco £jEttfe£l Oml^yyn^V-/WSrJDx., gfi 
•Cl^WJt^Lfc^, ^c*<Ott«&«8iJL, K^a^ 
Lfc (JR41 6 7mg, ifc^8 2. 5%) 0 WfcfrfcNHS- 
FFPTA*»S*1\ %<D*'£?>>s<?^m><DT$;m 

[0 0 3 1] 9 . PPPTA t Tb 3 *RU$u 3 * £ g)ggft:g)%# 

(i) SOfe*-^ h/K «3JHME*J:t«t*»* 

PPPTAf^Tb^^HEu 3 *^ m&1rZ t X 
^K**«MMr4j* Lfc 0 pH9.1O0.05MH 
5IMM(** l t , 'e, PPPTA-Tb 3+ SWPPTA-Eu 3+ 0^)t 
h/K itfW (0) , **** (t) *5<fctMr 
/Hft*fil* (O SrSISb, PPPTA£Tb 3+ &l^u 3+ £<£> 
«af»<0*36»tt*ffMlB UfCo * 1 fcPPPTA-Tb^AWPPP 
TA-Eu 3+ 0^5t#ttSr* L/Co U 2 ICPPPTA-Tb 3 ^^ 
PPTA-Eu 3+ 0^^^<^ h^Sr^Ufco 

[0 0 3 2] 

[^1] 
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pH 9.1 <D 0.05 M B5&8«»#*<D PPPTA-Tb 3 *Rtf PPPTA-Eu*©m£1#tt 



PPPTA-Tb 3 * 325, 271 9290, 42700 
PPPTA-Eu 3f 325, 271 9290. 42700 

[00 3 3] mi^X'Os PPPTA-Tb^tPPPTA-Eu J -J4 



A em. max (nm) 
543 
620 



(f) r (ms) 
1.00 2.681 
0.134 1.379 



w# * t> 3*^*# £ nisi ^xm-fr zn^ w t &m 

Ziltc #{C, PPPTA-Tb 3+ H 1 . 0<Dibt;I;T-i|X*,!; 
2. 6 8 lmsCD&ft#ift£^U PPPTA-Eu 3 * £ 9 , gft 

^$tbfc„ Sfcv 111 2 fc^-f «t 5 tePPPTA-Tb 3+ ©B!|jg 
SB±St5»4 3 2 5nm-Cfo!5, 4 8 9, 5 4 3, 5 8 2, 
6 2 Onm^OiD&ft^fe^-^ST^SiS 5 , ^ 
tf>3t$fi5 4 3nm>4 8 9nm>5 8 2nm>6 2 0w<DM 
PPPTA-Eu 3+ WSl^ffi^fit 3 2 5nm-C$>S 
5 8 9nm£ 6 2 OniD<D2oW*^3tf-^^Wt" 



2o<Dt°-^<03fi$f4 6 2 Onm> 5 8 9md©JH"C*> 
5. 

[00 34] (ii) PPPTA-Tb 3+ 0&ft&& 

0.05 M Tris-HCl buffer*-?, 1X1 0 -6 M PPPT 

^aO^L-fco S!l!£tfepHcDSSia(45. 5~9. 

[0 0 3 5] 
[*2] 



pppTA--rb 3 *»it©»3t!ISt«***lc»-r*pH<c»W 



PH 


5.5 


6.1 


6.8 


7.4 


8.0 


8.5 


9.0 


9.6 


Kul) 


2990 


3065 


3080 


3100 


3170 


3170 


3163 


3190 


r(ms) 


2.895 


2.725 


2.725 


2.725 


2.725 


2.725 


2.725 


2.725 



0.05M Tris-HCl buffei\ concentration of PPPTA-Tb 3t is 1 xiO" 6 



[0 0 3 6] S2 0ig**»5), pH14 5. 5fl»6>8. 0{H 

iot, mft0tt£#**'pH (6. 1~9. 6) |C£5 
fB»#*v^ 

[00 37] (iii) PPm-Tb 3 *(Dgft5£g(C*|-1-5)fc 

pH9. i©o.o5M iip smmm®.*-? 1 X 1 0 " 6 

M PPPTA-Tb 3+ t 1X1 0~ 7 M FITC (fluorescein iso 
thiocyanate) <D&)£S&Sf£*f-t"£ 4 9 Onmt 3 6 6nm 
©*©JIMraill©*»fcll'*. *©tt*SrH3fc*t 
fc„ 4 9 OnmOftflHitachi FMSOOWl&igftSrfli^fc. 
3 6 6nm0^ttMineralight Lamp, ModelUVGL-25£ffl 
V\fc„ 4 9 0nmO)tlC*l-L-TPPPTA-Tb 3+ ti:F I TC± 
0 0, eO^K^Ittfc^, FITC(D^3t^ 

5%«^Lfc«S, PPPTA-Tb 3+ (D*^ft^^-f 



A 1 1 %<DWP-Ch^tz 0 3 6 6nm»3tfc*f LTPPPTA-T 

b 3+ aFiTci(i'>Lm-e&5„ l 5 o^Wfiglt 



F I TCOS3t3SS* J 8%«^Lfc^, PPPTA 
-Tb 3+ ?«&fi^l l%«'J>Lfc, 
[00 3 8] (iv) PPPTA-^^WPPTA-Eu 3 *©^ 

0. 0 5MONaHC0 3 -H 2 0tNaHC0 3 -D 2 0 
feWLZm^X. »fc6Jfc«©D 2 Ofc£tr««**«:WI 
91 U - ©$«f^&*T©PPm-Tb 3+ &U¥PPTA-Eu 3+ 
<0*#*h&«r»l£U *Oi|S*S:*3fc*Ufc. D 2 0 
<Otfc^Ji5JiJo-t"5>1-oix, PPPTA-Tb^iPPPTA-Eu 3 '''© 

H 2 O^^D 2 OJCg«|$^, H 2 05>^ro*3tm^f^ 

m t>m < a s - 1 £ s t> ©-<?& ^ t e> *ta. 

[0 0 3 9] 
[S3] 



PPPTA-Tb , *X^PPPTA-Eu 1+ <7>itife*^|c«-r'5D t O(©Kff 
D,0% 0 10 20 30 40 50 60 70 80 90 
r(ms.Eu) 1.351 1.416 1.488 1.562 1.647 1.738 1.842 1.968 2088 2.252 
r(ms.Tb) 2.688 2.740 2.778 2.817 2.841 2.874 2.907 2.932 £958 2.994 

[00 40] ETicji 1 /(PPPTA-Tb 3+ or PPPTA-Eu ^ h H 2 0<D&UdMWk%m LiZAK ffi 



13 b fcE^^S^Sr^Lfco 1 /lifetimeli^ftdecay 

©iiaE»sfc-e*>s©-e, H4A»e>, H 2 oit^j©tia(c 

i "9 , PPPTA-Eu 3+ ©^3tdecayig«<OjiJPIiPPPTA-Tb 
3+ ©*3tdecayiiS©ii^Pi t> *#V^ t*t>*»5. £ 
jXttPPPTA-Eu 3+ O*3tl-*fbTH 2 0<DtS3tf^ffi^3SV^ 
rirSr*1- 0 B4*>b 1 0 0%D 2 Oi 1 0 0%H 2 Of 
^tp?©PPPTA-Eu 3+ ©£ft#fr£#*, n = 1 . 0 5 

( 1 / t H20 - 1 / * D20 ) ± 5 PPPTA-Eu 3+ cOEu 3+ (C 
Bfirt-*H a O^©**tHlUfcl**, i0.3fi©H 
2 O^PPPTA-Eu 3+ OEu 3+ iCgS^-t-2, n t tft>fro1t 0 

[0 04 1] ( v ) PPPTA-Tb 3+ &tfPPPTA-Eu 3+ £ffl^ 

pH8. 0<Z>0. 0 5M Tris-HCl buffer Sr^T, PPP 
TA-Tb 3 *R0tPPPTA-Eu 3+ Sr^r!K WW##»ft8!lJ£ 
£JS V ^fcPPPTA-Tb 3+ S.OTPPTA-Eu 3+ c0S!|^a[ £8iJ£ 
Lfco 8!l©£BttDELFIA 1234 time-resolved fluorom 
eter"C<fc 9 „ delay timeSrO. 4 ms, window time^rO. 
4ms<DS|j£3#&&J8 Lfco 0 5 \atMl&&&&7F b 

PPPTA-Tb 3+ W^aill#}4 5. 8X1 0 _13 M"t? 
fet), PPPTA-Eu 3 *cDl$tt!IE#li4. 7X1 0 _12 MTfc 

[oo42] mmm 2 3ffim&m&-?m\&m v ^ 

* h l^hTtf^V (SA) 

1. jggjjfofrg; : jfff'POSmg SAfc-gtrl 0ml©0. 1 
M^^W^fSfCl Omg^NHS-PPPTA^x, Sfi-C3 

mr$mwi.tc&, RJ&mm*3L<O0. 1M N a HC O 

3-0. 2 5g NaN 3 ^JC*)-LT4 c C-e2 4B#Pa-fO 

fc„ fflgffik<T>m&HL2 5mg NaN 3 4r^Px:, lml-fo/h 
-2 0tfftl?Lfc. TbCl 3 ©^iJi^ 



©PPPTAfi^Sr**. flHft* (PPPTA : SA) 

<< A/Ts't'fjfc^ftpW:, PPPTAi§^i 
©TbCl 3 SrJPx, 0. 2%BS A-0. 9%Na C 1 
-0. l%NaN 3 £r£tfpH7. 8©0.05M Tris-H 

[0 0 4 3] 2. glSA-Tb 3 *j:iKSA-Eu 3 ' 
MM^l*ltti.*^^f T\ mm S A teTb 3+ g£v MiEu 
3+ t?S^1-St, art»*»t*3ttt»«K:ftofc. pH 
9. 1CO0. 0 5M \2?ffl6ffi®mt>-?. SAtfi^U 
fc^ffi©PPPTA-Tb 3+ S.0tpPPTA-Eu 3+ CD*)fe^-<^ h 
/K (0) , (t) J3«tU!*/WPil)t« 

* (e) fcHfcU SA-PPPTAtTb 3+ SU5Eu 3+ t©«|^ 
©*Jt1*tt*rlM5 U^to « 4 ^SA-PPPTA-Tb 3+ S0SA 
-PPPTA-Eu 3+ ©*3t#it?r^ Lfc„ 

[0 0 44] 7!) — ©PPPTA-Tb 3+ SU t PPPTA-Eu 3 *©^ 
*«H±ICJt'<3 t , S Ali^-a-L./cPPPTA-Tb^WPP 
TA-Eu 3+ ««&g (£ X0) asa<49, 
'>LJi<4ofc: irSr^Lfc. SAfc»&Ufc«, PPPT 
A-Tb 3+ ©a3fc&£d s ift3 0%»4>U PPPTA-Eu 3+ <Dj& 
4 2 %«'> Lfco £3fc$& t **JM»© £ 5 
Lfc£ffctt*J * h < gia£J& t~ i o -CPPPTA© loCO 
OHSiSSAOT^/Si^Lfcfcfe, PPPTAteTb 3 * 
fc5V^Eu 3+ i(DgSft*S£;4»'>L§3< 1 
K ^Tb 3+ * * N '* Eu3+ 1 5 r t # -C t 5 

COOH«J:9Effitt^»v^%*.&*t5) , * 

[0 0 4 5] 
[&4] 



pH 9.1 <D 0.05 M (So&ffiffijgfc+fl) SA-PPPTA-Tb 3 *£l/ SA-PPPTA-Eu*a>gi5fcfttt 



SA-PPPTA-Tb" 

SA-PPPTA-Eu 34 

0 0 4 ft] 1 n no/ " " n 



a HP 



I 

0 3 ) <t 1 0 0% D 2 0 (0. 0 5M Na HC0 3 ) ^ 
tp©SA-PPPTA-Eu 3+ OSJfe#^Sra!l^U (1. 2 1 3ms 
in 1 0 0% H 2 C\ 2.2 8 5ms in 10 0% D 
2 0) % SA-PPPTA-Eu 3+ (DEu 3+ lCga(i1-SH 2 0^© 
ffe&trJ*L;fciB*, *^)0. 4<1©H 2 0*5SA-PPPTA-Eu 
3+ cDEu 3+ |i|B{ii- ^ r i: &t>friit. V V -©PPPTA-E 
u 3+ (D«-g-HPPPTA -Eu 3+ <DEu 3+ t;:gaft-f 5H 2 0^f© 
^5 0. 3-C$)5©t?, S A{C^-g-UfcPPPTA-Eu 3+ ©Eu 

3+ lce&-f 5H 2 o#^©P:dso. lfiJf^PLfcr t$r^ 



RUKi^aftSCnm) £ (Wcm" 1 ) Aenu max (nm) 

322 17000 543 

n „ ^ 322 T „_ 17000. t 619 



^ r (ms) 
0.38 2.100 
0.043 1.202 



[0 0 4 7] 3 . SA-PPPTA-Tb 3+ cDa^;^tC^-t-5 
pHC^S : 0. 0 5M Tris-HCl<Mi»«S^ffl^^T» S 
A-PPPTA-Tb 3+ ©*>t#^lr*f-t-5 p H<Dl*®&a!!£L 

6.1-8. 0<D«£lirSA-PPPTA-Tb 3+ ©S)t^^*t 
-tS pHO^W^^^-ir^^ofc. 

[0 0 4 8] 

[^5] 



-9- 



PH 



5.5 



6.1 



6.8 



r(ms) 2.242 2.353 2.353 
[0 0 4 9 ] 4. OA PPPTA TlfitRVQA PPPT rt— Brr 

pH8. 0(D0. 0 5M Tris-HCia*««SrfflV^, SA 
-PPPTA-Tb 3+ S^SA-PPPTA-Eu 3+ Sr^ U %<D%t$l 
«8Rtol*WI^»**aje*ffV\ SA-PPPTA-Tb 3+ &tfS 
A-PPPTA-Eu 3 *$^fflv^fc^W5>^*SIJ«^a^J^aSr 

S*^2 SD£fflV^, SAfc«^Lfc«OTPPTA-Tb 
3+ St/PPPTA-Eu 3+ ^WIS#Srfff^Lfc!g*, PPPTA - 
Tb 3 *tf>&ffil&jm 1.6X1 0" 12 MTfc 9 , PPPTA-Eu 

3 *^abRS#^5. i x i o- 12 M-cfcs 0 

[0 0 5 0] PPra-Tb 3 *^SA£ffl^fc 

1. PPPTA-Tb 3 ^«SA»fflV^I»B5»»ac3te>f^y 
Tyir^nCcfcSb h a -fetoprotein (AFP) (Pfllfc 
PPPTA-Tb 3+ gH&S ASrJSl/vC, i 5 tCi*-^ hV y 
^fe^W^S^^/Tyir-YiCiSt ha-fetopr 
otein (AFP)£>$ij5S£fTofc 0 thAFPBflWStt 
5%BSA-0. 9%NaC 1 - 0. l%NaN 3 Sr^tf 
pH7. 8(D0. 0 5M Tris-HCl bufferfcffll^T, fc 

hAFP (Nippon Bio— Test Laboratories, Inc.) 5r 
*3RUTWfi!Lfcp bT^yfbStAFP^y *n-J— ;v 

goat anti— human AFP antibody (Nippon Bio 
-Test Laboratories, Inc.) £NHS-LC-Biotin (Pier 
ce Chem. Co. ) £JBv>TlilJl|Lfc D <JJ*/Ty±4\C 
0.2% BSA-0.9% NaCl- 
0. l%NaN 3 5rttfpH7. 8O0. 0 5M Tris-HCl 
buffer Lfc«teJB L/c 0 

[0 0 5 1] 5 jig/mlfctfc: hAFP^y /ujft 
(Oemconcepts Co., IgGl, antibody was purified u 
tilizing immunoaffinity chromatography protein A a 
garose) Sr^fr p H 9 . 6 <D 0 . 1 M£|fe8MHgft£r 6 0 
U li*o 96- 1 ? a: /K/ h (FluoroNunc plate) <D 
&$*MZ&mU 4X:X*2 4f$P^V^-<-hLfc 
0. 0 5% Tween 203rat?pH7. 8<D0. 0 5M T 
ris-HCl buffer (buf f er 1 ) TT* b £ 2 [nlifef- 
U JEfcpH7.8<D0.05M Tris-HCl buffer (buf 
fer2) Vyis-VZlgMc&LtZo Si±0^m^ fit 
AF P*/ ^ n^-/]^#T^- h Lfc:/V- hsW#6> 
tlfc. a-Hfc^- Mi-2 0t-T*«#Ut Q 

[0 0 5 2] ttAFP^y ^P^-^SiffT?3-hLfc 
y"U— hO#^x;HC5 0 Ml^AFPl?M^a 
U 3 7tTl ^y^raK-lst^ buffer IT* 
2Ei5fei£U buffer 2 T- 1 BftJ$ Ut c 



7.4 

2.353 



8.0 



8.5 



9.0 



9.6 



2.353 2.381 2.404 2.457 

wtflttu o T^oTinwr^ *jl < r uta, bu 

fferl-C?2E«»U buffer 2 T 1 
h<B#*:n/WC5 0 Ml^SA-PPPTA-Tb 3+ Sr^aU, 3 
Tt-ClWy+a^-Ufca, buffer IT 4 13% 

V^Co JBIS^fitiDELFIA 1234 time-resolved fluorom 
eterTfc-So S0S^fe# : delay timeteO. 2ms, window 
timeteO. 4ms 0 

[0 0 5 3] El 7 (CSA-PPPTA-Tb 3 *5rffl^fc^P^^ 
Hft<4A>/7y't<<\£tZK hAFP$]£cDftijS|£^ 

Ltzm$k, #»J£fe^tfcffiRJM4 2pg/ml-Cfeofc 0 

h 7 tctt/^ yffyvy h'zm^iti&yt&m t a f ps 

[0 0 5 4] 2. PPPTA-Tb 3+ ^SAgrffiV^c^r^j» 

(TSH) <Djg'J£ : ffifc hTSH 3 -subunit*/ ^ n 
t-;^T3- Hfc 9 6 - x/W/I/- h , \fik"f- 
^{tSitbT'SH a-subunit^/^D^-/Wj ! [flcSU t 
PPm-Tb 3 -WSA£ffl^T, fc h AF PfflJti H C 
HTSH^i^ffofco W^tbfcTSHffl^ 

0. 0 8 /iIU/mlTfcofc 0 

[0 0 5 5] 3. PPPTA-Tb 3 ^aSAgrffl^fc^ia5> 

(B SM) <Pg||% : P PPTA~Tb 3 ^ggS Afrffll>-C> ft 

^y^;U7n^f;P (BSM) 0$iJ££fTofc 0 tT*^ 
y<t B S M - B S A^ftf j: B S M- B S A^* (la 
tron Laboratories, Inc.) £NHS— LC— Biotin (Pierce 

Chem. Co.) SrfflVvTHRLfco B S M«9«%Ht 1 mg 
/mKDBSM-T±h^h ] J^mm^tzm, pH7. 
8O0. 0 5M Tris-HCl bufferT#W LTfiSJ Lfc 0 

[0 0 5 6] 6 jig/mlgtB SM^/^nt" (I 
atron Laboratories, Inc.) £:^stfpH9. 6£>0. 1M 

mmmmm* 9 6 - * x ^ h o# * ^/mc e 0 
Mi-fo5>au 4 c cT2 4^-f>'^aL-<-M.yc 

buffer 1 T2@yu— h£&#U buffer2TllH] 
ix— Mi- 2 Ot-CMLfc. 

[0 0 5 7] gi B SM* / ^ nt-/«f^ h Lfz 
4!>x;MCl : l^BSMgi^tm/ftBSA 
-BSNflS^Sr5 0*ili"o»ttU 3 7t;-e2*jflW 
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^^^-hLfc^ buffer 1"C 2 0, buffer 2 "C 1 
@# * x./l'&mfr Ufc 0 # * ;n A-tCSA-PPPTA-Tb 3 **: 

buffer IT? 4 E*^*/wSrifc*Lfco 7V~h£ 
3fe*#ttAFPaifii:HIC-e*>ofc 0 #bixfcBSMS'J 



0. 4ng/mlT*feofc 0 

[0 0 5 8] *6f£, ±TSSWUc*ft*ffl^fcBSM 

SMihV^SiJSOCV^2~6% (average 3.4 3 
%) -Cfctl, EJR*tt9 5-105% 00.3 
%) "Cfoofco 

[0 0 5 9] 

[*6] 



SA-PPPTA-Tb*£m>fcB*flfl^^ 



Sample 



Cone, (ng/ml) 



CV%(n=5) 



Recovery(%) 



Sample of 41 .5 ng/ml 42.5 

Sample of 20.0 ng/ml 20.9 

Sample of 1 0.0 ng/ml 9.74 

Sample of 4.1 5 ng/ml 4.1 2 

Sample of 1 .38 ng/ml 1 .35 

[0 0 fiHli PPPTA-Th3^a«>RA»fflt^&B^ 



2.78 
3.71 
3.04 
2.41 
523 



ah. 



102.4 
104.5 
97.4 
99.3 
97.8 



^^T^Hm^g^A/Tyt^^fA : ft* 
F*Mt) Hffi#»*«i8J3|-e*v\ 

t, MathisPjfi^^nt^A- MJ^ft°y U 7* 

U *3tfe5g?^^Tn7-f 3->T-^ (cross-link 
ed allophycocyanin) &%cft#&^*/l' :3 ?—&W><n U± 

^.-ariv\ **i>=7*i$ffl#«?3bfe-f Ayr 

yfc-f WtA "time resolved amplified cryptate e 
mission (TRACE) " £BB3§U ** 

( (1) G. Mathis, Clin. Chem. , 39, 1953(199 
3); (2) G. Mathis, Clin. Chem., 41, 1391(1995); 
(3) G. Mathis, F. Socquet, M. Viguier, B. Darboure 
t, Anticancer Res. , 17, 3011(1997); (4) G. Mathis, 
J. Clin. Ligand Assay, 20, 141(1997); (5) A. J. Ko 
lb, P. V. Kaplita, D. J. Hayes, Y.-W. Park, C. Per 
nell, J. S. Major, and G. Mathis, Drug Discovery T 
oday, 3, 333(1998)) „ 

[00 6 1] *&W-?ti, PPPTA-Tb 3+ £&fto:;^=? 
— l£Sd (fluorescence energy transfer) <D K"t" — h 
^T^^3tfe^CY3. 5 (Amersham Life Science, 
Inc. tfcK) *m%,^*Jl<*-®®<n Mr 7";?- i LTf 

XxA£IW3§Lfc 0 Ell 0 \£ I4PPPTA— Tb 3+ i:CY3. 5 

PPPTA-Tb 3+ £> 5 4 5nm(d*>»t5®3t^3ttr— 
3. 5<D%ytm&X-<? h/V- PPPTA-Tb 3+ <D& 



*93 4 0nmO3t-Cjaie-t-5t, PPPTA-Tb 3 *©:6 
^^JtSSJta:-*^-* CYS.SKft), CY3.5 
©SHfe****-*"*. i 5 Lfc%5fe^pppTA-Tb 3+ <D*3t^ 

P-WCY3. 5©«-f /S?^P> 1 0 0^-f ^n^JJUb 
tS</i5 (PPPTA-Tb 3+ tCY3. 5 cDggSSf IcHtfc-f 

5) o 

[0 0 6 2] HI l^PPPTA-Tb 3+ ^mSASrfflV>fci@f 

MSr* Lit. C Y 3 . 5 t gtlH t tr*^ >«S 

a*il5XU ; PPPTA-Tb 3 *^SA^^^L.fc^, C 
Y3. S^^-t'^^a^iiS-PPPTA-Tb 3 ^^ 
SAftffitt^fl*tSU PPPTA-Tb 3+ ^CY3. 5 <ti£ 

i^3 4 0nm<D^-C©ie-r?>t> PPPTA-Tb 3+ (DS 
»A*3t»3t3i*/l"¥— * C Y 3 . 5 ftp 9 , £gMfr© 

cy3. 5**&i*in5M?*3te»zrc»era£fc#-e 

#5 0 -©l$, &V*^IC*.5*R|&WCY3. 5*» 

3t^«gfifCfe5,*S^©PPPTA-Tb 3+ ^SA<0 
»3t^CY3. 5©*3t**»fti:SI5fcai), CY3.5 

xfAtii, cy3. smMft^-if^vanttUK-p 

PPTA-Tb 3+ ^ S A&ffi*£{*:©£j**»SflteEl&(DSi 

w©*tis»it«ra. Hot, ^*ju*-®m~&&L 

tt»lt«|OB«S!iSricft-f5. Hi)->7°/K75 3 4 OnmfCtJ 
5 4 5nmlCio(tSPPPTA-Tb 3+ ©*)t3*gSrrta5S!|!t 

u mm^mitmm^m^. l± c y 3 . 5 

t54 5nmJ£:fcttSPPPTA-Tb 3+ ©:jg}fe&&<Dtt;-£rffl 
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10 0 6 3] £Lt©RPIlCg-5^-C. CY3. 5ft£iSi#L 
B S /tu iVfcft. t Vft B S M - B S A 

<£ m'PPTA-Tb^Sa SA?rI^t, BSMffl 

*j£»^ffl+tSr£EW tfco CY3. 5SitgtBSM^y 
? vf~ — /Wfcifrfi, CY3. 5 monofunctional reactiv 
e dye (Amersham Life Science, Inc. ) t^CBSM^t 
/ ? n -T- ;ufc#Zm->Xm®. Lfc. SO^St-teDELF 

ia mmmftMikftmfemmzm'tzo cy3. 50s 

ftSJSiCttDELFIA 12340*-^!; >>A^aij!tfli7-i'/V 
* — (K*6 4 3nm) SrfflV\ delay timeliO. 0 4m 
s, window timeSrO. 1 OmsW&frTill^Srpofc,, PPP 
TA-Tb 3+ O^3fea0^(-I*DELFIA 1234©7VHf? 
SI^E^wVl^ — (fcg.5 4 5nni) 4rffiV>, delay time 
= 0. 0 4ms, window time=0. 1 OmsO^{4="?S!l5fe £r 

[0 0 6 4] -^^^n^^-^rocfJ^CYS. 5g?att 
BSM*y^nt-/l€*» BSMWWStt, If**-;/ 
ft B S M- B S A&-g-#*5 «fc UtPPPTA-Tb 3+ Sia S A 



tTofCo HI 2t;ifid(7?i/*xA&ffl^fcB 
WUfca*Lfc#, #blng/ml<Olft|llHl#-e*)ofc. d 

*I>L«S# GRURjl: Ing/mlfcO. 4ng/ml) , SJ 

[0 0 6 5] *7fctt«fS**^=7*ll««]^**-f 
A/Ts'-fe'f ^fAtfflV^ftB SM-jkU-^TVK&SI 
©jgUfc^L*:. ro^jfefciSBSMif^TVwifflJt© 
CVIi0.4~1.5% (average 0.8 3%) T'fc!J, 
011X^(49 5~1 0 5% (average 1 0 0. 2%) "Cfo 

A/ 7 y-fcW ->*t A^rffl^fcB SMfy//u 

ating-^3- * x 3/ 7" ©ifcfrfc if i-^T ©tfcfm 

S!l)t<DCV^#<*ofct#^bn5o 
[0 0 6 6] 
IS 7] 



Sample 


Cone, (ng/ml) 


CV%(n=6) 


Recovery(%) 


Sample of 31.1 ng/ml 


30.6 


1.35 


98.4 


Sample of 20.8 ng/ml 


21.7 


0.54 


104.3 


Sample of 9.34 ng/ml 


9.24 


0.78 


98.9 


Sample of 6.22 ng/ml 




0.40 


99.6 


Sample of 3.1 1 ng/ml 


3.11 


1.07 


100.0 




¥ J* 


0.83 

1-v«flrfrgflfc1-8<»m- 


100.2 





[0 0 6 7] 

[31^©$*] *SSWH\ (I) -e*$^51!lit4r [0 0 6 8] 

mTZ^tZ¥r®ti-ZMmt'&M&£Tf*:<D%;±M'( lit 6] 



"?3 




COjH COjH 



N* N 



CO2H o 



,CI 



Ri = H, NHj, NCS, S0 2 CI, HN-^^N 



R 2 = OH, O 



[0 0 6 9] Set, **tt*T*«K*re*fifc^e 



(I) 



. (X = SorO) 

"TIB *»o#±»>f ^iKS 
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[01] #WC;o^5^!$fc^NHS-PPPTA (ft^-fe 
(8)) ro^0iJSr^i-|l-Cfc5o 
[112] PPPTA-Tb^&UWPTA-Eu 3 *^*;*.^ YjV 

[H3] pprt\-Tb 3 +<D&!/t%imzM-tz>ytm%fmffl<D 

[04] 1 /lifetime tH z O«Jt^©ffil8tt^-rg| 



[0 5] PPPTA-Tb 3+ SUfPPPTA-Eu 3+ W#^^fS<0B#F^ 
[0 6 ] SA-PPPTA-T^^U^SA-PPPTA-Eu^SrffiV^ 

[0 7 ] SA-PPPTA-Tb 3+ SrfflV^c^Ffl^«?S3t'l' A/ 
-feudist hAFPSiJ^ro^ftllSr^-tlll-Cfo 

So 

[0 8 ] SA-PPTA-Tb 3+ £/i^fcl#ffi#i!i?i£3fc-f J*JT 

[0 9] SA-PPPTA-Tb 3+ ?:ffi^^fcR#ra5>/S**^Ay 
Tyt^taS B SM$J£cDl$fi;«|£;^1-0-?fc5. 

[010] PPPTA-Tb 3+ tCY3. 5 (D&ytX^f Yfr* 
*-f0-Cfc5„ 

[011] PPm-Tb 3+ il?36S A^fflV^ctr^^v^ 

0T*fe5. 

[012] %\M**iS~TXtifmftM'£yt'( A/7yt 
^->7fA|;IV^BS M»J!£^S||Sr^-r0-e$) 
5„ 



[02] 



[0 3] 



3500 




ZOO 



300 



400 SOD 
Wavelength . (nm> 



600 



700 



— PITTA- W ( 1 uX) 

— PHTA-Iu* (20/iX) 



a 

u 
c 
o 
u 
«o 
a> 



100 




|S? 80 



o w 

o 

o> co 

5 S 

to a> 



70- 



60 



PPPTA-Tb, 490 ran 
FITC, 490 am 
PPPTA-Tb, 366 ran 
FITC, 366 ran 



— r~ 
50 



100 
Time (mln.) 



160 
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mi] 



NH 2 

jfj^ benzene-CFjCOOH 
Br N Br iso-amyl nitrite 

(i) 

9 

LiAH4 >L 




KN ^^COOCH 3 



H 3 COOC N N N COOCH3 
(3) 




PBr 3 



THF 



HOH 2 C N N N N CH2 OH B1H2C N ~ N CH2Br 



(4) 



(5) 



9 



KOH 



CH^QJ-THF H2C' ~N"' "N" ">r"cH 2 
COjHCOsEt 



CO^CO^t CO2H CO2H 



C02H C02H 



(6) 



(7) 



NHS 



DCC 



9 

C N N N ^ 



CO2H CO2H 



CC^H 



(8) 

im7] 



10] 




[H4] 



IB 5] 




Log [PPPTA-M] 
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[H9] 



0 J 1 1 1 1 1 1 

0.01 0.1 1 10 100 1000 

Cone, of BSM (ng/ml) 



[011] 
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[HI 2] 




Cone ofBSM(ngfrnl) 



